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Channel coupling effects in ρ-meson photoproduction.
A. Usov∗ and O. Scholten†
Kernfysisch Versneller Instituut, University of Groningen, 9747 AA, Groningen, The Netherlands
We investigate ρ-meson photoproduction in a coupled-channels formulation. It is shown that
channel coupling effects are large and account for discrepancies observed in several single-channel
treatments.
I. INTRODUCTION
A number of experiments on vector meson production
at low energies [1, 2, 3, 4] performed in recent years
have greatly stimulated theoretical research on the sub-
ject [5, 6, 7, 8, 9, 10, 11, 12, 13, 14]. The investigation of
vector meson production is expected to provide insight in
the problem of “missing resonances” [15], as many of the
predicted resonant states are believed to couple weakly
to the pion channel, but should be visible in other reac-
tion channels. Furthermore, in our previous analysis of
photo-induced kaon production [16] we saw that the in-
clusion of the pion-induced ρ-meson production channel
has a strong influence on pion scattering and K−Λ pho-
toproduction cross-sections, but the detailed analysis of
ρ-meson production was not done at that time. There-
fore, in the current paper, we concentrate primarily on
the analysis of ρ-meson production and it’s effects in a
coupled channels calculation.
Most of the work done on vector meson production
concentrated primarily on ω-meson production. While
most of the analyses performed so far employed tree-level
models [8, 9, 10, 11, 12, 14], there are strong indications
for the importance of channel coupling effects (loop cor-
rections) for ω-meson production [13]. A number of cal-
culations performed using the K-matrix approach [5, 6, 7]
included the ω-production channels, but the magnitude
of the contributions due to channel coupling was not in-
vestigated explicitly. The analyses of ω- and ρ-meson
production channels in the “effective quark model La-
grangian” approach [8] have found a good simultaneous
description of the data at the time, however these do not
include the coupling to the pion sector, which was found
to be essential [13]. In general, tree-level models have
difficulties [14] describing the differential cross-section
in the region of high momentum transfer. We show
that coupled-channels treatment of the photo-induced ρ-
meson production is able to account for a major part
of the discrepancies observed in a single-channel model.
The coupling to the pion-nucleon state is by far the most
important ingredient.
In Section II we give a brief outline of our model and
in Section III we present and discuss the results of the
calculation.
∗
Electronic address: usov@kvi.nl
†Electronic address: scholten@kvi.nl
II. MODEL
The model used in this work is based on an effective
Lagrangian formalism. The detailed description of the
model can be found in our previous paper [16], here we
will summarize it, give a description of the γ+N → ρ+N
and π + N → ρ + N reaction channels and specify the
modifications made to other reaction channels in order to
extend the applicability of the model to higher energies.
Our model is based on the K-matrix formalism to im-
plement channel coupling. A discussion of the K-matrix
formalism can be found in ref. [16] and references therein.
The use of the K-matrix formalism allows to generate
an infinite, non-perturbative set of loop corrections for
states explicitly included in the model, while obeying
a number of symmetries like gauge invariance, unitar-
ity and crossing symmetry. The model space used in the
present investigation is formed by K −Λ, K −Σ, φ−N ,
η − N , γ − N , π − N and ρ − N states. A number of
non-strange resonances are included in s- and u-channel
contributions. For the complete list of the included res-
onances and their parameters we refer to our previous
publication [16].
Parameters entering the calculation are mostly un-
changed as compared to what was presented in our previ-
ous calculation [16]. The most important exceptions are
the NNω coupling constant and a few cut-offs in the pion
photoproduction channel. In Table I we quote the values
of the parameters relevant for the current discussion.
In the following sections we use a notation where p, k,
p′ and −q correspond to the initial proton, ρ-meson and
final proton and photon(pion) 4-momenta respectively.
Indices µ and ν label the photon- and ρ-meson polariza-
tion indices. We assume that the meson momenta are
directed into the vertex, so that energy-momenta conser-
vation reads as p+ k = p′ − q.
The complete Lagrangian is given in ref. [16] and here
we quote only the terms relevant for the current discus-
2TABLE I: Parameters summary table
gNNpi 13.47 gρpipi 6
gNNη 3 gρpi0γ −0.12
gNNσ 10 gρpi±γ −0.10
gNNρ 2.2 gρηγ 0.22
gNNω 3.0 gωpiγ 0.32
gρσγ 12
sion.
LNNpi = igNNpiN¯ (χ~π + i/∂~π/2M) · ~τ
χ+ 1
γ5N
LNNη = igNNηN¯ χη + i/∂η/2M
χ+ 1
γ5N
LNNσ = −gNNσN¯σN
LNNρ = −gNNρN¯
(
γµ~ρ
µ +
κρ
2M
σµν∂
ν~ρ µ
)
· ~τN
LNNω = −gNNωN¯
(
γµω
µ +
κω
2M
σµν∂
νωµ
)
N
LNNγ = −eN¯
(
1 + τ0
2
γµA
µ +
κτ
2M
σµν∂
νAµ
)
N
Lρpipi = −gρpipi~ρµ · (~π × ∂
↔
µ~π)/2
Lγpipi = eε3ijAµ(πi∂
↔
µπj)
Lργpi = egργpi
mpi
~π · (εµνρσ(∂ρAµ)(∂σ~ρ ν))
Lωγpi = egωγpi
mpi
π0 (εµνρσ(∂
ρAµ)(∂σων))
Lργη = egργη
mpi
η
(
εµνρσ(∂
ρAµ)(∂σρ0
ν
)
)
Lργσ = egργσ
mρ
(∂µρν∂µAν − ∂µρν∂νAµ)
Lρργ = 2e
(
Aµ(∂µρν)τ0ρ
ν − (∂νAµ)ρντ0ρµ
+ (∂νAµ)ρµτ0ρν
)
(1)
For all channels discussed here we include a complete
set of s-, u- and t-channel Born diagrams. In the photon-
and ρ-nucleon vertices form-factors for the magnetic mo-
ment contributions are included. The form-factors for
the convection current contributions are implemented
through the use of counter terms.
Currently we do not include direct matrix elements
between the ρ− N and kaon sector. Because of the rel-
atively weak coupling, as compared to the pion sector,
this will not affect our main results. Also the final state
interaction for the ρ − N state is not included. In the
photo-induced η production channel we have taken into
account an additional ρ-meson t-channel contribution in
order to keep consistency with other channels. The value
of the coupling constant gρηγ was taken from decay data.
A. The γ +N → ρ+N reaction channel
1. Born-level contributions and contact terms
Since we do not assign form factors to the convection
current part of the ρ and photon vertices at the Born
level, the pure convection current contribution is gauge
invariant. However, the terms where one of the vertices
is magnetic, are suppressed by form-factors and are sub-
ject to a gauge restoration procedure. The contact term
required to restore gauge invariance reads
Cµνρ0 = −e
gNNρκρ
2m
σνλkλ
[
(2p+ q)µFMm (s)f˜
M
m (u)
+ (2p′ − q)µFMm (u)f˜Mm (s)
]
− gNNρκp
2m
σµλqλ
[
(2p′ − k)νFMm (s)f˜Mm (u)
+ (2p+ k)νFMm (u)f˜
M
m (s)
]
, (2)
Cµνρ+ = −e
gNNρκρ
2m
σνλkλ
[
(2k − q)µFMm (s)f˜Mmρ(t)
+ (2p′ − q)µFMmρ(t)f˜Mm (s)
]
− egNNρκρ
2m
σµνFMmρ(t)
− gNNρ
κρF
M
mρ(t)− κpFMm (s) + κnFMm (u)
2m
σµλqλ
kν
mρ2
.
(3)
Where f˜Mm (s) is defined as f˜
M
m (s) = (1−FMm (s))/(s−m2)
and the form-factors are given in Eq. (6). Note, that
the last term of Eq. (3) does not contribute to physical
observables and serves only gauge invariance restoration
purposes. We should note that this contact term is not
unique and the exact functional form strongly depends
on the ordering of terms in the minimal substitution pro-
cedure [16, 17, 18]. The present functional form is chosen
to resemble the structure of the contact term used in kaon
production, see Eq. (11a) and Eq. (11b) of ref. [16]. To
present this contact term in a more readable way, we have
given it for the ρ0 and ρ+ production channels separately.
In order to reproduce experimental data at high en-
ergies one also has to suppress the convection current
contributions with form-factors. For this we have chosen
to implement a prescription similar to the one proposed
by Davidson and Workman [19]. Written as a gauge-
invariant contact term [16] it reads
CµνDW = −egNNρ
[
4γν
(
p · qp′µ − p′ · qpµ)
− (2p · q(γµ/qγν) + 2p′ · q(γµ/qγν))]
×
(
(1− eρ)f˜m(s)f˜m(u)− eρf˜m(s)f˜mρ(t)
)
, (4)
where f˜m(s) = (1−Fm(s))/(s−m2). This also gave good
results for kaon production.
In order to achieve a better suppression of the u-
channel contributions in the region of high momentum
3transfer we have chosen to implement “modified” form-
factors, as was done in the case of kaon production. The
s-channel form-factor is redefined primarily for consis-
tency considerations. This has hardly any effect on the
results of the calculation, which are very similar to those
obtained with the unmodified s-channel form-factor.
Fm(s) =
sΛ2(
Λ2 + (s−m2)2)m2 ,
Fm(u) =
uΛ2(
Λ2 + (u−m2)2)m2 ,
Fm(t) =
Λ2
Λ2 + (t−m2)2 .
(5)
The magnetic moments are suppressed by the quadrupole
form-factors defined as
FMm (s) =
(
sΛ2(
Λ2 + (s−m2)2)m2
)2
,
FMm (u) =
(
uΛ2(
Λ2 + (u −m2)2)m2
)2
,
FMm (t) =
(
Λ2
Λ2 + (t−m2)2
)2
.
(6)
All form-factors entering equations (2-4) use the same,
relatively hard, cut-off of Λ = 0.8 GeV2.
2. Additional t-channel contributions
In addition to the Born-level contributions described
above we include a number of t-channel contributions.
At the higher energies, t-channel Regge exchanges are
becoming more important and thus we include the
Regge propagator for the dominant σ-meson t-channel
exchange. In addition π and η t-channel exchanges are
included, however these are of less importance.
Matrix elements for η and pion-exchange diagrams,
following from the interaction Lagrangian (Eq. (1)), are
given by
Mµνφ = igNNφ
egρφγ
mpi
εµναβkαqβ
1
t−M2φ
× u¯(p′)γ5 /p
′ − /p
2MN
u(p)Fmφ(t), (7)
where φ is either η or π and Fmφ(t) is a dipole-type form-
factor as is presented in Eq. (5). For both η and π con-
tributions a hard cut-off of 0.8 GeV2 was used (the exact
value does not matter much, and was chosen for consis-
tency reasons).
The matrix element corresponding to σ-meson ex-
change, following from the interaction Lagrangian reads
Mµνσ = gNNσ
gρσγ
Mρ
(k · qgµν − qνkµ)Pσ(s, t)
× u¯(p′)u(p)Fmσ (t), (8)
where Fmσ (t) is the same dipole t-channel form-factor
of Eq. (5) with cut-off set to 1 GeV2. The Regge propa-
gator Pσ(s, t) is defined as [20, 21]
Pσ(s, t) =
(
s
s0
)ασ(t) πα′σ
Γ(1 + ασ(t))
e−ipiασ(t)
sin(πασ(t))
, (9)
where ασ(t) is σ-meson Regge trajectory defined as
ασ(t) = α
0
σ+α
′
σt with a slope of α
′
σ = 0.7 GeV
−2 and in-
tercept of α0σ = −α′σm2σ = −0.4. The coupling constants
gNNσ and gρσγ are given in Table I. The reference scale
s0 is conventionally chosen to be 1 GeV
2.
B. The pi +N → ρ+N reaction channel
Similar to the γ + N → ρ + N reaction channel,
the Born-level contributions include form-factors for the
magnetic moment while the convection current contribu-
tions are suppressed by counter terms.
The ρ-meson, unlike the photon, couples with a differ-
ent strength to the nucleon (in s- and u-channel contri-
butions) and pion (t-channel contribution). As a result
gauge invariance is obeyed only when gNNρ = 2gρpipi.
To ensure gauge invariance for arbitrary values of the
coupling constants we have introduced following contact
term (putting χ = 0)
Cν =
1
4m
(
− gNNpi(2gNNρ − gρpipi)(/q + /k)γ5
+ 2gNNρgNNpi/kγ
5
) kν
m2ρ
(~τN · ~τpi). (10)
This particular choice for the contact term gives a van-
ishing contribution to physical observables. However the
choice of the contact term is ambiguous, where the am-
biguity can be expressed as
Cν = g
γν − /kkν/m2ρ
2m
γ5(a+ b~τN · ~τpi), (11)
where g, a and b are arbitrary parameters. To fix the
parameters we use the fact that a similar contact term
appeared in kaon photoproduction. Exploiting the anal-
ogy between ρ-meson production and photo-induced kaon
production we have fixed the parameters for our full cal-
culation as g = gNNpigρpipi, a = 0 and b = 1/2. Later in
Section III we discuss the effects of this contact term on
the results in more detail.
To implement form-factors for the convection current
contributions we rewrite them first in terms of gauge-
invariant amplitudes (these do not exactly correspond to
Mi of photo-induced kaon production, although they are
quite similar). For the part of the convection current
contribution which corresponds to the A2 amplitude of
kaon production, we implement the DW-style suppres-
sion scheme [19]. However, due to the more complicated
4FIG. 1: [Color online] Partial wave decomposition of the γ +N → pi +N reaction channel. Solid and dashed lines correspond
to the real and imaginary parts of the matrix element respectively. Darker (blue) lines shows the results of the new calculation,
while lighter (green) lines correspond to the calculation where the tree-level γ +N → pi +N reaction channel agrees with that
of [16]. The data are taken from the on-line database of the VPI group [22].
structure (in the general case of gNNρ 6= 2gρpipi) we as-
sign them a common overall form-factor FDWsut [19]. The
corresponding contact term reads
CνDW =
[
− gNNρgNNpi
4m
/qγ5
(
(2p+ k)ν
s−m2 (1− ~τN · ~τpi)
+
(2p′ − k)ν
u−m2 (1 + ~τN · ~τpi)− 4
kν
m2ρ
(~τN · ~τpi)
)
− gNNpigρpipi
4m
(/q + /k)γ5
2qν − 2q · kkν/m2ρ
t−m2 (~τN · ~τpi)
]
× f˜m(s)f˜m(u)f˜mpi(t)(s −m2)(u−m2)(t−m2pi). (12)
The remaining contributions of the convection current
are suppressed by individual form-factors through the in-
clusion of the following contact term
Cν = −gNNρgNNpi
4m
[
/qγ5
/kγν − γν/k
2
f˜m(s)(1 − ~τN · ~τpi)
+
/kγν − γν/k
2
/qγ5f˜m(u)(1 + ~τN · ~τpi)
]
. (13)
In addition, for the reasons discussed in the results
section, we include an extra contact term of the following
form
Cν = −gNNpigρpipiγ5
2qν − 2q · kkν/m2ρ
m2ρ
(a+b~τN ·~τpi)Fm(t),
(14)
where a = 1/3 and b = 5/6.
In the π +N → ρ+N reaction channel we do not use
modified u-channel form-factors. The reason is that the
effect of their inclusion is quite small and we opted for
the simpler choice of dipole form-factors.
5C. The γ +N → pi +N reaction channel
To improve the cross-sections at high energy we have
introduced additional quadrupole form-factors for the
magnetic moment contributions and used a “modified”
u-channel form-factor. In addition, the cut-off value for
the form-factors entering “core” contributions (s-, u-, t-
channel contributions, gauge-invariance restoration and
DW-contact terms) was reduced to 0.8 GeV2 and the
NNω coupling constant was reduced by a substantial
factor, as compared with the previous calculation.
III. RESULTS
As the dominant source of indirect contributions to
the γ + N → ρ + N channel we identify the γ + N →
π + N → ρ + N re-scattering process. Before address-
ing photo-induced ρ-meson production results, we discuss
the results for pion photoproduction and pion-induced ρ-
meson production, as these processes are crucial for the
correct description of coupled-channels effects in the ρ
photoproduction channel.
In Fig. 1 we compare partial wave data [22] with
calculations for pion photoproduction at lower energies
(W ≤ 2 GeV). Shown are the results of the full calcula-
tion (darker blue line) and the results of the calculation
where the tree-level description of the γ + N → π + N
channel agrees with that of ref. [16] (lighter green line,
the “old” calculation). Note that due to the difference in
treatment of coupled channels (primarily π+N → ρ+N
reaction channel) the results of the “old” calculation dif-
fers slightly from what was presented in ref. [16]. The
present calculation, where some parameters were refit-
ted, gives a considerable improvement in most partial
wave amplitudes. The most important ingredients of the
refitting are the suppression of ω-meson t-channel contri-
bution and the introduction of modified u-channel form-
factors – they have impact on all partial waves. The
softening of form-factors and introduction of quadrupole
form-factors for magnetic moment contributions are most
visible in the highest-energy tail of E
3/2
0+ ,M
3/2
1− , E
3/2
2− and
M
3/2
1+ amplitudes.
The results of the refitting are illustrated in some more
detail in Fig. 2. The solid line shows the results of the
final calculation. The calculation depicted with a dashed
line uses non-modified (dipole) u-channel form-factors,
which results in the unrealistically strong backward peak-
ing of the differential cross-section. The dash-dotted line
in Fig. 2 shows the results of the calculation in which the
gNNω coupling constant is increased to 8. This shows a
too strong forward peaking. Despite the form-factor in-
cluded in the ω-meson t-channel contribution, the peak
in the forward direction increases with the energy. We
have investigated the possibility of including the Regge
trajectory for the ω-meson t-channel contribution, and
although it suppresses the growth of the forward peak
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FIG. 2: [Color online] Differential cross-sections of the γ +
N → pi + N reaction channel. See the text for the explana-
tion of different curves. The data are taken from the on-line
database of the VPI group [22].
with increasing energy, the numerical difference in the
considered energy region is small and we decided to adopt
the simpler option of using dipole-type form-factors. The
impact of other changes, such as softening of form-factors
and the use of quadrupole form-factors for magnetic mo-
ment contributions, is less visible in the cross-section
plots, but result in visible changes in the partial waves
decomposition.
In our approach the pion-induced ρ production channel
is essentially parameters-free, where only the strength of
additional gauge-invariant contact terms is adjusted. Un-
6FIG. 3: [Color online] Partial wave decomposition for the pi +N → pi +N reaction channel. The left plane shows per-partial
wave phase shifts, and inelasticities are shown in the right plane. The solid (blue) line corresponds to the full calculation. The
dashed (green) line shows the calculation where all reaction channels including ρ − N final state were excluded. The dotted
(magenta) line denotes the calculation where an additional contact term of Eq. (11) is excluded from the pi+N → ρ+N reaction
channel (note, that in spin-3/2 partial waves it agrees with the full calculation). The dash-dotted (yellow) line corresponds to
the calculation where the contact term of Eq. (14) is excluded in the pi + N → ρ + N reaction channel. The data are taken
from the on-line database of the VPI group[22].
fortunately there exists no direct experimental data for
this channel and we rely on the inelasticities in pion scat-
tering in order to constrain the parameters. As is shown
in Fig. 3 (difference between solid and dashed lines) the
inclusion of the ρ − N final state results in the genera-
tion of substantial inelasticities in pion scattering. The
dash-dotted line in Fig. 3 shows the results of the calcu-
lation where the contact term of Eq. (14) is omitted in
the pion-induced ρ-meson production channel. The ef-
fect of this contact term is to suppress the contribution
of the t-channel, especially in the higher partial waves.
An unrealistically steep rise of inelasticities in the higher
partial waves shows that the inclusion of the contact term
of Eq. (14) is vital for an accurate description of the ex-
perimental data.
For the pion-induced ρ-meson production channel
there exist one more degree of ambiguity in construct-
ing the gauge-invariance restoring terms as compared to
photo-induced pion or kaon production. This ambiguity
we express as the contact term of Eq. (11). Excluding
this contact term from the π + N → ρ + N channel we
obtain the result shown as the dotted line in Fig. 3. The
impact of this contact term can also be observed in the
kaon and η production channels, as is shown in Fig. 4, de-
spite the fact that these are not coupled directly. While
inclusion of this contact term seems to improve the de-
scription of KΛ and η production, it’s effects on pion
scattering and photoproduction channels are more con-
troversial. The largest impact is seen in the S11 partial
wave, where the description of the inelasticities improves
at lower energies (W ≃ 1.8 GeV), but becomes worse
at higher energies (W > 2 GeV). The impact on the
S31 partial wave is quite small with the current choice
of parameters, but could be of comparable strength. In
other partial waves the effects are either small (P11 and
P31 partial waves) or precisely zero (spin 3/2 and higher
partial waves). In the pion photo-production sector the
effect of this contact term is visible in E
1/2
0+ and E
3/2
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FIG. 4: [Color online] The effect of the contact term
of Eq. (11) on kaon and η photoproduction. Solid (blue) line
shows full calculation. Dashed (green) line corresponds to
the calculation where contact term of Eq. (11) is excluded in
pi+N → ρ+N reaction channel. The dash-dotted (magenta)
line shows the results of the calculation as presented in our
previous paper [16]. The data are taken from Refs. [23, 24].
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FIG. 5: [Color online] Differential cross sections for ρ-meson
photoproduction. The solid line corresponds to the full cal-
culation. The dashed line shows the tree-level calculation.
Experimental data are taken from ref. [4]. The energies Eγ
are given in MeV.
amplitudes at energies of W > 1.7 GeV. In general the
decision whether this contact term has to be included
should be based on the results of a global fit, which will
be presented in a forthcoming publication.
Inclusion of the contact term of Eq. (11), results in
increased inelasticities in the pion sector, which is re-
flected in a dip in the photo-induced KΛ production
cross-section at W = 1.7 − 2 GeV, see Fig. 4. A more
careful analysis on the level of partial waves reveals that
the effect is seen primarily in S waves. Moreover, we have
found that a similar suppression effect can be achieved
by introducing an additional S11 resonance with appro-
priate parameters. While these two mechanisms (chan-
nel coupling effects and resonant contribution) give very
similar results for the cross-sections and final state po-
larization, they are clearly distinguishable in the partial
wave decomposition and could be separated given a full
set of polarization observables. Some slight suppression
of the final calculation compared to the one presented in
ref. [16] (dash-dotted line) is due to somewhat increased
inelasticities in pion sector. In order to minimize dif-
ferences in the parameters we have decided to not refit
kaon production channels, and are leaving this for the
forthcoming publication.
In the η photoproduction channel, as shown in Fig. 4,
the solid line represents the full calculation, and the dash-
dotted line shows the results of the “old” calculation. The
difference between them is primarily due to the inclusion
of the ρ-meson t-channel contribution. Striking feature
of the current calculation is the prominent peak at an
energy of about W = 1.74 GeV. To show the origin of
this peak we present the results of a calculation where
the contact term of Eq. (11) is excluded, shown as the
dashed line in Fig. 4. This clearly demonstrates the peak
is not a resonant contribution, but a channel coupling
effect. It is interesting to note that this peak coincides
in energy with the possible additional S11 resonance, as
claimed in refs. [25, 26].
In Fig. 5 we present the results for the γ+N → ρ+N
channel. The dashed line corresponds to the tree-level
calculation. Due to the use of modified u-channel form-
factors and the use of DW-style suppression scheme we
are able to get a similar description of the differential
cross-section at the tree level, as obtained in ref. [14],
while using much harder form-factors. The inclusion of
Regge trajectory for the σ-meson t-channel contribution
is essential for the correct description of the forward peak,
and in the considered energy region allows to simulate
the effects of the Pomeron contribution. Including the
channel coupling effects results in the increase of the dif-
ferential cross-section in the region of high momentum
transfer, as is illustrated by the solid line. The coupled-
channels result shows a good agreement with the data.
8IV. CONCLUSION
We have extended the applicability of our coupled
channels calculation to energies of the order of
√
s =
3.5 GeV. A good agreement with experimental data is
achieved for γ +N → ρ+N reaction. We show that the
channel coupling effects are extremely important in de-
scribing the experimental data on photo-induced ρ-meson
production. In the kinematical regime of high momen-
tum transfer it is the dominant contribution. As a pri-
mary source of indirect contributions we identify a re-
scattering via an intermediate π−N state. Unfortunately
there exist no direct data on pion-induced ρ-meson pro-
duction in the energy regime up to
√
s = 3.5 GeV. While
it is possible to use the inelasticities induced in pion scat-
tering and pion production channel to constrain the im-
plementation of pion-induced ρ-meson production chan-
nel, this still limits the accuracy of the predictions, as
the magnitude of the re-scattering contributions is very
sensitive to each of this channels.
The tendency of the coupled-channels calculation to
enhance the cross-section at the large angles is very im-
portant for the correct comparison with the experimental
data. As an example the comparison of the f2-meson ex-
change with σ-meson exchange mechanisms presented as
models “A” and “B” in ref. [14], shows that the main dif-
ferences between them lie in the high momentum trans-
fer region, where the coupled-channels contributions are
playing dominant role.
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